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© Phase correcting check circuit 

© Clocking of Class IV partial response coded bi- 
nary data is provided by way of circuit means that 
includes two analog threshold detectors. One detec- 
tor is responsive to the analog read signal's positive- 
going amplitude crossing a a preset positive thresh- 
old value. The other detector is responsive to the 
read signal's negative-going amplitude crossing a 
preset negative value.. The time of occurrence of 
2 both detector crossing transitions is phase-compared 
^to a clock signal, and a phase error signal is gen- 
erated for each detector, if a phase error exists. The 
fitwo phase error signals are integrated by the use of 
a loop filter. The Integrated phase error signal is 
f*then used to adjust the phase of a clock signal 
^generator. The output of the clock signal generator is 
used to accurately clock, and to enable accurate 
® recover of, the binary data that was originally en- 
^ coded and written in accordance with the Class IV 
Lit partial responsive coding convention. 
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PHASE CORRECTING CLOCK CIRCUIT 



Technical Field of the Invention 



This invention relates to phase correcting clock 
circuits useful for providing a clock signal synchro- 
nized with an analog information signal. 



Background of the Invention 



• A number of attempts to improve the linear 
density (bits per millimetre, or bpmm) of binary 
data that can be reliably written on magnetic me- 
dia, for example disks, exist in the art. One of these 
techniques is known as partial response coding or 
signaling. 

The publication IEEE Transactions on Commu- 
nications , Vol. Com-23, No. 9, September 1975, 
describes a number of partial response systems, 
which systems provide either 3 signal levels or 5 
signal levels. 

The publication IBM Journal of Research and 
Development , July 1970, at pages 368-375, de- 
scribes the "Application of Partial-response Chan- 
nel Coding to Magnetic Recording Systems". 

Partial response signaling (sometimes called 
correlative level coding) is a form of pulse am- 
plitude modulation that is used to convey digital 
information, wherein the effect of a known amount 
of intersymbol interference can be eliminated, be- 
cause the interference is a known quantity. 

Class IV partial response coding (PRIV) is a 
particular 3 signal level class of this coding tech- 
nique (ie: equivalent signal levels +1, 0 and -1). 
United States Patent 4,504,872 describes Class IV 
partial response signalling techniques. 

Whatever the prior partial response technique 
that was used to code and then magnetically 
record the binary data, subsequent reading of the 
magnetic media, and detection of the resulting ana- 
log read signal, requires the use of a clocking 
means in order to place the binary Vs and 0's in 
their proper time positions. This enables the origi- 
nal binary data to be reconstructed or recovered 
from the analog read signal. 

A well known prior method of detecting mag- 
netically recorded binary data is to detect the time- 
position of analog read signal peak magnitudes (i.e. 
recorded transitions), and then relate the time-posi- 
tions of these peak magnitudes to a standard clock 
that is continuously synchronized with the binary 
data being recovered. This clock establishes se- 
quential data sample periods or windows into which 
the read signal's continuously changing amplitude 



is mapped as binary Vs and 0's. 

In these well known detecting schemes, the 
binary data has been coded (for example, NRZI 
coding) such that the recorded binary pattern has 

6 sufficient signal transitions to maintain the correct 
clock frequency. The clocking function for such a 
prior system Is usually provided by a variable fre- 
quency oscillator (VFO), or a voltage controlled 
oscillator (VCO). 

ro In these prior self clocking systems, when the 
time-position of the peaks in the analog read signal 
are determined to be out of phase with the clock 
transitions, a current is produced whose magnitude 
is proportional to this phase error. The phase error 

rs current is then averaged, filtered, or integrated, and 
the result is used to adjust the clock in a manner to 
reduce the phase error to zero. 

Advanced coding techniques, of which Class IV 
partial response is an example, intentionally pro- 

20 vide controlled intersymbol interference. This inter- 
ference provides a read signal whose peak am- 
plitudes are sometimes properly time-positioned, 
and at other times are positioned between data 
sample times, depending upon the particular data 

25 stream being read or received. While these ad- 
vanced techniques have the advantage of providing 
high data packing rates, they complicate the gen- 
eration of a data clocking signal. 

For example, detection of partial response cod- 
so ed binary data results in critical analog read signal 
amplitudes and/or peaks sometimes occurring at 
clock-determined sample points, and sometimes 
occurring between these sample points. This vari- 
ation in timing is due to the large partial response 

35 Intersymbol interference,, which interference, in ac- 
cordance with these advanced coding techniques, 
is used in a constructive manner for coding effi- 
ciency. However, this same timing variation makes 
the use of conventional VFO/VCO detection tech- 

40 niques difficult, at best. 

Some prior art partial response detection 
schemes use a separate, highly equalized signal 
channel, in an attempt to move the signal peaks 
back toward the time-position in which they were 

45 originally recorded. This arrangement generates 
electronic noise, tending to make this separate 
channel's signal useless for data detection, but 
usually adequate for controlling the VFO/VCO. In 
these schemes, the phase between the separate 

so signal channel for controlling the VFO/VCO, and 
another separate signal channel that is used for 
data detection, must be compensated. As a result 
of a change in circuit components with age, the 
system tends to degrade with time, due to phase 
error. Another problem that can occur with this 
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scheme is that the noise that is generated in the 
VFO/VCO signal channel may cause the clock's 
data detection window to shift in the wrong direc- 
tion. 

An example of prior art partial response detec- 
tion schemes can be found in the publication IEEE 
Transactions on Magnetics , September 1984, VOL. 
MAG-20, Number 5, at pages 698-702. 

A prior art class IV detection scheme whose 
clock recovery is based upon threshold crossing 
detection of the ternary waveform is described in 
an article entitled "High Data Rate Magnetic Re- 
cording in a Single Channel", found in the publica- 
tion Fifth International Conference on Video and 
Data Recording , April 2-5, 1984, at pages 151-157. 
This publication describes threshold detection at 
two values identified as plus 1 and minus 1, these 
two values being one half of the nominal signal 
level. 



Disclosure of the Invention 



Accordingly, the present invention provides a 
phase correcting clock circuit for producing a clock 
output signal synchronised with the binary data 
content of an analog information signal of the kind, 
having a plurality of signal levels that are indicative 
of said binary data, comprising:- controllable clock 
means having a control input and a clock output, a 
plurality of threshold detector means, each individ- 
ual one of said threshold detector means having an 
input and an output, and each individual one of 
said threshold detector means being responsive to 
an analog input signal threshold that is related to a 
respective one of said plurality of signal levels, a 
plurality of phase detector means, each individual 
one of said phase detector means having two In- 
puts and an output first connecting means for 
connecting the output of each Individual one of said 
threshold detector means as a first input to a 
respective one of said phase detector means, sec- 
ond connecting means for connecting the output of 
said clock means as a second input to each in- 
dividual one of said phase detector means, said 
plurality of phase detector means thereby providing 
a like plurality of individual phase error outputs, 
and third connecting means connecting the outputs 
of said phase detector means as a controlling input 
to said clock means. 

This enables a a read signal of the partial 
response type to be accurately clocked. 

Preferably each individual one of said threshold 
detector means includes an edge detector means. 
It is. also preferred that said clock means com- 
prises a voltage controlled oscillator wherein said 
third connecting means includes charge pump 



means having an input connected to receive said 
plurality of phase error outputs as a controlling 
input for said charge pump means, and filter 
means for averaging the output of said charge 
6 pump means prior to connecting the same as a 
controlling input to said voltage controlled oscilla- 
tor. 

The invention is particularly useful with an ana- 
log read signal that is derived from reading a 

10 magnetic track that has been recorded by the use 
of an advanced coding partial response technique, 
and thus provides N critical signal amplitudes. In 
the Class IV partial response technique, N = 3, and 
the signal is known to vary from a positive am- 

75 plltude peak, whose magnitude will be defined as 
about +1.4, to a negative amplitude peak, rela- 
tively defined herein as -1.4. As will be apparent, 
when this invention is used with Class IV partial 
response signaling, a pair of threshold detector 

20 means respond to relative signal magnitudes de- 
fined as +1 and -1. 

The invention will be described with reference 
to exemplary partial response coding wherein the 
presence of a "0" signal level or magnitude at a 

25 check point represents a binary "0", and the pres- 
ence of a M + r or a "•1* signal magnitude at a 
data check point represents a binary "1 ". However, 
it is not to be limited to this specific Class IV partial 
response coding convention, 

30 In accordance with the present invention, it is 
further preferred that two threshold detectors or 
detector paths are provided, one being a positive 
(less-than-plus-one, for example, + 1/2) threshold 
detector and the other being a negative (greater- 

35 than-mlnus-one, for example -1/2) threshold detec- 
tor. In this way, the invention is responsive to the 
three signal magnitudes. 

However, it will be appreciated that the present 
invention can be readily extended to other tech- 

40 niques, such as the 5 signal level technique above 
mentioned, as by the use of 4 threshold circuits, 
rather than the use of two threshold circuits as 
disclosed herein for use with a 3 signal level PRIV 
technique. Stated differently, a partial response 

45 coding technique having N + 1 critical signal levels 
requires N threshold circuit paths of the invention. 

If the signal magnitude is less than that re- 
quired by the positive threshold detector, while at 
the same time being greater than that required by 

50 the negative threshold detector, a binary data "0" 
is indicated or decoded. 

If the signal magnitude is either greater than 
that required by the positive threshold detector, or 
less than that required by the negative threshold 

55 detector, a binary data "1 " is indicated. 

In such a + 1/07-1 amplitude signaling system, 
when a positive threshold is established, for exam- 
ple midway between the +1 magnitude and the 
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zero magnitude, the signal will pass through this 
positive threshold at a time that is about midway 
between the time of occurrence of the signal's + 1 
magnitude and the time of occurrence of the sig- 
nal's zero magnitude. The same is true when a 5 
negative threshold is established midway between 
the signal's -1 magnitude and its zero magnitude. 

For Class IV partial response read signals that 
are properly equalized, + 1 and/or -1 signal pulses 
are of near perfect symmetry. Thus, any time-offset w 
of a threshold crossing on a rising edge of such a 
pulse is compensated for by an opposite time* 
offset on the threshold crossing that occurs on the 
descending edge of the same pulse. The maximum 
time offset that can occur as a result of such a is 
puise waveform has been shown to be less than 
30% of a detection window's time period. 

A Class IV partial response read signal 
waveform that crosses between a +1 magnitude 
and a -1 magnitude (or vice versa) within one clock 20 
eel) will cross both thresholds within the window's 
time period, the first crossing being earlier than 
halfway in the cell, and the second crossing being 
later than halfway in the cell. The average of the 
time-offset for these multiple threshold crossings 25 
has been shown to be very close to zero. The 
average time variation from the center of the cell is 
not random, but tends to be paired, so as to rapidly 
average near zero, with only a small number of 
samples. This is true because it is not possible to 30 
have multiple successive offsets in the same direc- 
tion in this multiple crossing situation. 

The crossings of one detector (in the case of 
an equalized read signal pulse), and the crossings 
of both detectors (in the case of an equalized read as 
signal waveform that crosses between + 1 and -1 , 
or visa versa, in one ceil window), are used to 
develop timing comparisons to a VFO/VCO gen- 
erated clock signal. 

The present invention combines the detected aq 
times of multiple threshold crossings, by providing 
a phase comparator for each of the multiple (for 
example, two) threshold detectors. Preferably, the 
individual phase error outputs are integrated prior 
to connecting them as a controlling input to the 45 
clock means. 

In this manner, .correction electrical effects (for 
example currents) are provided by each of the 
multiplicity of phase detectors. All such electrical 
effects are fed into a common filter, integrator, or 50 
the like, in order to average the multiplicity of 
electrical effects. This resulting average effect (i.e. 
average current) is then applied to the clock as a 
control parameter (for example, as a control voltage 
to a VCO). 55 

Due to the close time spacing of the binary 
data that result from the partial response coding 
technique, and due to the resulting multiple cross- 



ings of the detector thresholds, a large number of 
clock correction signals (phase error signals) are 
provided. The filter/integrator is constructed and 
arranged to average this large number of correction 
signals. 

The clocking construction and arrangement for 
use with partial response coded binary data of 
circuits according to the invention enable a conven- 
tional VFO or VCO to be used so that a separate 
signal channel is not required. 

Such an analog VFO/VCO detection scheme 
correctly centers binary data detection windows In 
a simple and an accurate manner, thus optimally 
enabling detection of partial response encoded bi- 
nary data. 



Brief Description of the Drawings 



FIG. 1 shows a representative magnetic re- 
cording track wherein binary data has been re- 
corded using the partial response IV signaling tech- 
nique, the analog information signal that is derived 
from reading this track, and the output threshold 
detectors employed in a circuit according to the 
Invention; 

FIG. 2 shows a schematic block diagram of 
a phase correcting clock circuit according to the 
invention. 

FIG. 3 shows a modified version of the cir- 
cuit of Figure 2; and 

FIG. 4 shows a data standardization circuit 
for use in the circuits of FIGS. 2 and 3. 

Detailed Description of the invention 



The present invention will be described with 
reference to only one of the known partial response 
signaling techniques, namely Class IV partial re- 
sponse signaling. However, the scope and content 
of the invention is not to be limited thereto. 

In addition, the analog read signal that is de- 
rived from reading a magnetic track that has been 
recorded in accordance with this Class IV tech- . 
nique will be assumed to have been subjected to 
both signai equalization techniques and gain con- 
trol techniques. As a result, the read signal am- 
plitudes wili have been normalized to sample-time 
amplitudes characterized herein as +1 and -1. 
Exemplary thresholds of the invention are then 
defined as +1/2 and -1/2. 

With reference to FIG. 1, reference numeral 10 
designates a magnetic recorded track having mag- 
netic transitions 11-17. The magnetic transitions 
are recorded in accordance with data sample times 
(which define clock cells) that are identified as "0 
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to 20" in FIG. 1. 

The binary information content recorded in 
track 10 is an exemplary 
"00011001000010110000". This binary data is an 
encoded data pattern having restrictions on the 
number and placement of zeros that are allowed 
using a baseband encoding of an 8 out of 9 code. 
This data is further encoded to obtain the proper 
positions to record the magnetic transitions 11-17 
as shown in FIG. 1. 

Solid-line waveform 18 of FIG. 1 is a repre- 
sentative analog read signal that is derived from 
reading track 10. For purposes of simplicity, it will 
be assumed that signal 18 has been subjected to 
well known signal equalization and gain control 
techniques, by way of circuit means that are not 
shown or described herein. 

The north-to-north magnetic transition (N-N) 11 
that occurs between data sample times 4 and 5 
produces a negative signal peak 19. Peak 19 yields 
a signal magnitude equal to -1 at sample times 4 
and 5. Due to the fact that the next S-S transition 
12 is spaced four data sample times from transition 
1 1 , and also due to the equalization that has been 
applied to analog signal 18, the amplitude of signal 
18 at sample times 6 and 7 is of a zero magnitude. 

Magnetic transitions 12-16 are closely spaced, 
one sample time apart. As a result, only the leading 
half of the read signal that is produced by mag- 
netic transition 12, and the trailing half of the read 
signal that is produced by magnetic transition 16, 
provide + 1 signal peaks 20 and 21 , respectively. 

Note that the read signal cancellations that 
occur as a result of reading closely adjacent mag- 
netic transitions 12, 13, 14, 15 and 16 produce 
signal amplitudes that are zero at data sample 
times 9, 10, 11 and 12. 

Magnetic transitions 16 and 17 are spaced 
three sample times apart. As a result, transition 17 
produces a negative signal peak 22 having a -1 
magnitude at sample times 15 and 16, with no 
substantial signal cancellation occurring. 

Note that at data sample times 1 , 2 and 3, a 
binary "0" is recorded by the absence of a mag- 
netic transition, whereas at data sample times 9, 
10, 11 and 12, a binary "0" is recorded by the use 
of closely adjacent read signal cancelling, mag- 
netic transitions 12, 13, 14, 15 and 16. 

In accordance with the present invention, two 
threshold detector means, one being the compari- 
son (31) between signal 18 and the positive thresh- 
old designated in FIG. 1 as a "+ threshold", and 
the other being the comparison (32) between signal 
18 and the negative threshold designated in FIG. 1 
as a threshold", are used to detect the binary 
"Vs" that are recorded at data sample times 4, 5, 
8, 13, 15 and 16. In the exemplary Class IV partial 
response signaling scheme, the absence of a sig- 



nal amplitude that exceeds one of these two 
thresholds at a sample time is decoded as a binary 
0, as is shown at data sample times 1. 2. 3, 6, 7, 9, 
10,11,12, 14, 17, 18. 19 and 20. 

s FIG. 2 discloses a first embodiment of the 
invention. In this figure analog signal 18 of FIG. 1 Is 
applied to the input conductor that is identified by 
reference numeral 18. The output of the circuit 
network shown in FIG. 2 comprises conductor 30. 

10 Standardized binary data, such as is shown in FIG. 
1 as "00011001000010110000", appears at con- 
ductor 30. 

Reference numeral 31 identifies the + thresh- 
old detector means above mentioned with regard to 
75 FIG. 1, whereas numeral 32 identifies the threshold 
detector means above mentioned with regard to 
FIG. 1. 

The magnitude of the two thresholds are not to 
be limited to the exemplary +1/2 and -1/2 mag- 

20 nitudes, and in fact may be variable, as by way of 
variable reference voltages that are applied to con- 
ductors 33 and 34, respectively. 

Signal 18 is applied to the " + ° input of com- 
parator 31, whereas this signal is applied to the "-" 

25 input of comparator 32. This causes the outputs 
35,36 of the two comparators 31 ,32 to undergo a 
positive-going transition when a threshold crossing 
is detected in signal 18, the thresholds being es- 
tablished by the voltages on conductors 33,34. 

30 Edge detectors 37,38 are not polarity sensitive, and 
operate to output a pulse on conductors 45,46 
whenever the signal on conductors 35,36 under- 
goes an edge transition. 

Stated differently, when at a sample-time a + 

36 signal exists at 18 that is more positive than + 
threshold 33, the output 35 of threshold means 31 
goes Likewise, when at a sample-time, a - signal 
exists at 18 that is more negative than - threshold 
34, then the output 36 of threshold means goes + . 

40 In this way, the single OR circuit of FIG. 4 provides 
a high binary output (i.e. a "1") when either a 
signal above (i.e. more positive than) the " + 
threshold" or below (i.e. more negative than) the "- 
threshold" appears at 18 coincident with a sample 

45 time. 

As is well known by those skilled in the art, 
(assuming that + threshold 33 and - threshold 34 
are +1/2 and -1/2, respectively) at the instant in 
time that the analog signal magnitude on conductor 
so 18 becomes more positive than +1/2, a positive- 
going signal edge appears on conductor 35. Later 
in time, when signal 18 becomes less positive than 
+ 1/2, a negative-going signal edge appears on 
conductor 35. 

55 Likewise, at the instant in time that the signal 
magnitude on conductor 18 becomes more nega- 
tive than -1/2, a positive-going signal edge appears 
on conductor 36. Later in time, when signal 18 
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becomes less negative than -1/2, a negative-going 
signal edge appears on conductor 36. This Is 
shown by the upper and lower dotted-line threshold 
detector output signals 35 and 36, respectively, of 
FIG. 1 . 

The nearly square wave positive signal pulses 
that occur on conductor 35 and conductor 36 as a 
result of FIG. I's read signal 18 (see waveforms 35 
and 36 of FIG. 1), are connected to data stan- 
dardization circuit means 39. Circuit means 39 op- 
erates to decode the pulse outputs of threshold 
detector means 31 and 32, using the clock output 
40 of clock means 41, to produce standardized 
binary data on conductor 30, in a manner well 
known to those skilled in the art. An exemplary 
circuit to be used at 39 is shown in FIG. 4. The 
described clock means can be used with more 
elaborate detector process means than that shown 
in FIG. 4, for example, the Maximum Likelihood 
Sequence Estimation (MLSE) and Vrterbi detectors 
that are described in several of the documents 
above mentioned. Such more elaborate detector 
means would replace the means of FIG. 4 and 
would directly use the signal on input conductor 18 
and the VCO signal on conductor 40. Timing would 
still be derived from the signals on conductors 35 
and 36, or from equivalent signals if available as 
part of the data signal process. 

In the embodiment of FIGS. 2 and 3, clock 
means 41 is shown as a clock whose frequency is 
voltage, or electrical parameter controlled; for ex- 
ample, means 41 is a VCO or a VFO. 

Conductor 41 supplies the output of clock 
means 41 to data standardization circuit means 39, 
whereas conductors 70 and 71 supply the output of 
clock means 41 as an input to phase detectors 42 
and 43, respectively. Conductor 72 comprises a 
control input for clock means 41 whereby the elec- 
trical parameter output of the loop filter operates to 
control the clock means. 

The time of occurrence of the signal transitions 
or pulse edges of the square waves that appear on 
conductors 35 and 36 (these square waves are 
identified as 35 and 36 in FIG. 1) are detected by 
edge detector means 37 and 38, respectively. 

In order to continuously synchronize clock 
means 41 to the time of occurrence at data sample 
times, as shown in FIG. 1, the output of clock 
means 41 is connected to one input of each of the 
phase detector means 42 and 43, whereas the 
output 45 of edge detector means 37 is connected 
to the second input of phase detector means 42, 
and the output 46 of edge detector means 38 is 
connected to the second input of phase detector 
means 43. 

As a result of the above defined inputs to 
phase defector means 42 and 43, these two phase 
detectors operate to detect any phase error that 



may exist between the operating frequency of 
clock means 41 and the time of occurrence of the 
edge transitions of the square waves that exist on 
conductors 35,36, which square waves are pro- 

s duced as a result of plus and minus threshold 
detection of read signal 18. 

The phase error, if any exists, appears on the 
output conductors 47 and 48 of phase detector 
' means 42 and 43, respectively. This phase error, 

w assuming such an error exists, is applied to current 
source charge pump means 49,50. These charge 
pumps are effective to provide output currents to 
output conductors 51,52. The total magnitude of 
the current from conductors 51,52 is a direct func- 

15 tion of the magnitude of the phase error signals 
that exist on conductors 47,48 at any given time. 

This phase error current signal from conduc- 
tors 51 ,52 Is In turn applied to loop filter means 53. 
Filter means 53 is constructed and arranged to 

20 average or integrate the phase error information 
51,52 over a significant time period, so as to main- 
tain the clock's feedback loop gain/phase relation- 
ship, and so as to maintain stability of the feedback 
loop whereby the output of clock means 41 is fed 

25 back to phase detector means 42,43. 

One edge of clock signal 40 is thus maintained 
at the nominal position of signal 18*s threshold 
crossing times. The signal being of a symmetrical 
shape allows use of the opposite edge to induce 

30 clocking of data at the sample times which are 
midway between threshold crossing edges of the 
clock. 

In this new and unusual manner, a conventional 
VCO/VFO clock means 41 operates, to clock read 
35 signal 18, and thereby enable data standardization 
means 39 to generate standardized binary data 
from analog read signal 18, means 39 providing 
this binary data as an output on output conductor 
30. 

40 An advantageous feature of the embodiment of 
FIG. 2 is that the two phase-detector / charge- 
pump circuit combinations are of the well known 
type presently used in prior peak detection 
schemes. 

45 The embodiment of FIG. 3 is similar to the 
embodiment of FIG. 2, with the exception that the 
current source charge pump means of FIG. 3 com- 
prises but a single network 73, having two inputs, 
rather than two separate networks as is shown in 

50 FIG. 2. Charge pump 73 is constructed and ar- 
ranged to accept the close time-spacing of signals 
from phase detectors 42,43, such as can occur 
when certain binary data patterns are partial re- 
sponse coded to form analog signal 18. 

55 It is to be noted that in the embodiments of the 
invention shown In FIGS. 2 and 3, the partial re- 
sponse signal has three critical signal amplitudes 
that are decoded into two binary states. Other 
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partial response signaling systems are known 
where a different number of critical signal am- 
plitudes are used. Generically, it can be said that a 
partial response signal has N + 1 critical ampli- 
tudes. In the embodiments of FIGS. 2 and 3, 
N*1 =3. in accordance with the invention, the num- 
ber N of threshold detector means are provided. 
Therefore, in FIGS. 2 and 3 two such detector 
means are provided. 



Claims 

1. A phase correcting clock circuit for produc- 
ing a clock output signal sychronized with the 
binary data content of an analog information signal 
of the kind, having a plurality of signal levels that 
are indicative of said binary data, comprising:- 
controllable clock means (41) having a control input 
and a clock output (40), 

a plurality of threshold detector means (31,32), 

each individual one of said threshold detector 

means having an Input and an output, and 

each individual one of said threshold detector 

means being responsive to an analog input signal 

threshold that is related to a respective one of said 

plurality of signal levels, 

a plurality of phase detector means (42, 43), 

each individual one of said phase detector means 

having two inputs and an output, 

first connecting means (45, 46) for connecting the 

output of each individual one of said threshold 

detector means as a first input to a respective one 

of said phase detector means, 

second connecting means (70, 71) for connecting 

the output of said clock means as a second input 

to each individual one of said phase detector 

means, 

said plurality of phase detector means thereby 
providing a like plurality of individual phase error 
outputs, and 

third connecting means (47-53) connecting the out- 
puts of said phase detector means as a controlling 
input to said clock means. 

2. A circuit as claimed in claim 1 wherein each 
individual one of said threshold detector means 
includes an edge detector means (37, 38). 

3. A circuit as claimed in claim 1 or claim 2 
wherein said third connecting means includes 
means (49,50) for integrating said individual phase 
error outputs prior to connecting the same as a 
controlling input to said clock means. 

4. A circuit as claimed in any preceding claim 
wherein said plurality of signal levels is equal to 
three, and sard plurality of threshold detector 
means and said plurality of phase detector means 
is equal to two. 

5. A circuit as claimed in claim 4 for use with 



an analog partial response IV information signal, 
said partial response IV signal having a positive 
magnitude signal level, a zero magnitude signal 
level, and a negative magnitude signal level, all 

s three magnitudes of which are indicative of said 
binary data content, said first of said threshold 
detector means being responsive to a positive non- 
zero threshold, and said second of said threshold 
detectors being responsive to a negative non-zero 

to threshold, 

6. A circuit as claimed In claim 5 wherein said 
partial response IV positive magnitude signal level 
is characterized as +1, said partial response IV 
negative magnitude signal level is characterized as 

T5 -1, said first threshold detector means is respon- 
sive to about a +1/2 threshold, and said second 
threshold detector means is responsive to about a 
-1/2 threshold, 

7. A circuit as claimed in any preceding claim 
20 wherein said clock means comprises a voltage 

controlled oscillator (41), and wherein said third 
connecting means includes charge pump means 
(50,51) having an input connected to receive said 
plurality of phase error outputs as a controlling 
25 Input for said charge pump means and filter means 
for averaging the output of said charge pump 
means prior to connecting the same as a control- 
ling input to said voltage controlled oscillator. 
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